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A project was performed to determine the feasibility of converting waste 
polymers into diesel fuel. The primary waste polymer source of interest 
was disposable diapers, consisting of a mixture of cellulosic and synthetic 
polymer material in the prese!ce of biological wastes. The overall project 
consisted of five phases: (1) reaction equilibrium calculations, (2) batch 
pyrolysis study, (3) continuous pyrolysis study, (4) continuous liquefaction 
study, and ( 5 )  integrated system demonstration. The integrated system 
consists of a circulating solid fluidized bed pyrolysis system to produce a 
synthesis gas for a fluidized bed catalytic liquefaction reactor. 
for the pyrolysis system is to optimize the composition of hydrogen, carbon 
monoxide and ethylene in the synthesis gas for conversion to diesel fuel in 
the catalytic liquefaction reactor. The liquefaction reactor produces a 
product very similar to commercial No. 2 diesel fuel. 

INTRODUCIlON 

The objective 

Approximately 18% by volume of municipal solid waste consists of waste 
plastics (1). 
about 2% of the total waste stream. 
environmental and regulatory pressure, a flurry of activity has emerged to 
seek alternatives to landfill disposal of these materials. Proctor & Gamble, 
for example, has announced an "accelerated composting" program for their 
disposable diaper products (2). 
segregate the non-compostable parts from the cellulosic parts. The intent is 
to convert the cellulosic parts into "soil enhancer" (compost). 
the plastics part still goes to the landfill. 
for the "soil enhancer" and the probable 
plastics. 
components) into marketable products with minimal landfill requirements. 
This approach has been developed at Arizona State University (ASU) 
utilizing Over 100 different feedstocks, generally falling into the categories 

The 15.8 billion disposable diapers used annually comprise 
Due to increasing landfill costs and 

Separation steps are implemented to 

Presumably, 
The questions would be the market 

necessity to still landfill the 
An alternative approach would be to convert the bulk diaper (all 
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of industrial wastes, municipal wastes, hazardous wastes and various 
agricultural and forest residues. An indirect liquefaction approach is used, 
Le., gasification of the feed material to a gas followed by liquefaction of the 
gas to a No. 2 diesel grade transportation fuel. The sequence is illustrated in 
Figure 1. 
of hydrogen, carbon monoxide and ethylene while the objective in the 
second step is to maximize the production of diesel fuel from these three 
reactants. A high octane product can be produced via conventional 
catalytic reforming of the diesel material. 
liquid hydrocarbon fuels, medium quality gas (ca. 500 BTU/SCF) and/or 
electricity (via heat recovery or combustion of the fuels). 
operating conditions and catalysts for the  second stage reactor could 
produce other products (e.g.. alcohols, methane etc.). 

Prior work on this process has been described elsewhere (see, for example, 
references 3-6). 
diapers. A five phase approach was used (reaction equilibrium calculations, 
batch pyrolysis study, continuous pyrolysis study, continuous liquefaction 
study, integrated system demonstration) with performance limited to an 1 I 
month period. The intent was to minimize the project risks and costs for 
scale-up to a commercial configuration. Using the composition of a 
particular disposable diaper product ("Huggies") as an example, the 
maximum yields of diesel fuel (wet and dry basis) are illustrated in Figure 
2. 
gals/ton range (dry basis). 

EQUILIBRIUM CALCULATIONS 

Composition analysis for three commercial disposable diaper products is 
shown in Table 1. 
for 'example calculations. 
monoxide, ethylene, ethane, acetylene, methane and carbon dioxide, the 
equilibrium product composition was calculated as a function of 
temperature by minimizing the Gibb's free energy of formation subject to 
atom balance constraints. 
components decrease with temperature except hydrogen and carbon 
monoxide. The desired hydrogen/carbon monoxide ratio of ca. 1.2 (based on 
prior work) is achieved at ca. I100 K (1550 
equilibrium, as expected in the presence of hydrogen. 

BATCH PYROLYSIS STUDY . 

These experiments were performed in a Chemical Data Systems Model 122 
Pyroprobe coupled to a Carle Gas Chromatograph Model AGCl l lH  . The 

The objective in the gasification step is to maximize the production 

The potential products are thus 

Alternative 

This paper will present the application for disposable 

Realistic actual liquid product yields are expected to be in the 50-100 

Since the compositions are similar, Huggies will be used 
Assuming a gas product slate of hydrogen, carbon 

Results are shown in Figure 3. As shown, all 

F). No ethylene is predicted at 
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Pyroprobe consists of a temperature programmed ampule containing a 
sample of the desired feedstock with product gas being swept to the gas 
chromatograph via helium carrier gas. 
was performed for the factors temperature and water composition. The 
experimental design is given in Figure 4 with the results shown in Table 2 
using Huggies as the example feedstock. 
was set by results from the reaction equilibrium calculations. The three 
responses of interest are: (1) hydrogen + ethylene + carbon monoxide, (2) 
hydrogen/carbon monoxide, and (3) ethylene. The superior level for all 
three responses is  at the high level for each factor (experiment E). The 
factor ranking (via analysis of variance calculations) and experimental error 
(as calculated by base point replication range divided by factorial 
experiment range) is shown in Table 3. 
to be favorable for further investigation in a continuous system. 

m m o u s  PYROLYSIS STUDY 

A full factorial designed experiment 

The base condition for temperature 

All response results are considered 

This task was performed in a reactor constructed from 3 inch schedule 40 
pipe with a length of 3 feet. bed configuration was utilized with 
electrical heating, a screw type solids feeder, overhead scrubber and recycle 
gas system via a compressor. 
respect to feed and product withdrawal but batch with respect to the 
fluidized solid. Operating conditions for an 
temperature effect on gas composition using a Huggies sample are shown in 
Table 4. 
relatively stable periods of reactor temperature. Some problems were 
encountered in achieving consistent feed rates in this task. 
results are shown in Table 5. 
reasonable and favorable for liquid fuels production. 

CONTINUOUS LIQUEFAcIlON STUDY, 

A 2 inch fluidized bed reactor was used for this study (continuous gas feed, 
electrical heaters, cooling coils, continuous product withdrawal via a 
condenser and trap, catalytic noncirculating fluidized solid). 
temperature, pressure and residence time were studied with regard to the 
responses of liquid product yields, bulk properties and yields. Gas feed was 
from cylinders based on the compositions achieved from the batch and 
continuous pyrolysis studies. A cobalt/alumina catalyst was used. Yields in 
the 20-30 galdton range were achieved in limited experimentation. These 
yields would be expected to improve substantially by implementing the 
following: (1) recycle of the off gas, (2) feed gas composition improvement, 
(3) catalyst improvement, and (4) liquefaction reactor optimization. 
quality information i s  provided in Table 6 as compared with commercial 

A fluidized 

Thus this phase was to be continuous with 

experiment to study 

The "steady state" conditions reported were determined by 

Gas composition 
The gas phase results are considered 

The factors 

Product 
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materials. 
competitive product without any additional refining steps. 

INTEGRATED SYSTEM DEMONSTRATION 

In general, this comparison indicates that the liquid fuel is a 

This task was performed in an existing integrated system (Figure 5 )  
consisting of a circulating solid fluidized bed gasification system followed by 
a fluidized bed catalytic liquefaction reactor. 
system for an extended period of time at fixed operating conditions as 
determined by the previous tasks in order to report commercially realistic 
mass and energy balances for economic and scale-up studies. Unfortunately, 
this effort was hampered by lack of availability of a suitable solids feeder 
within the budgeted performance period. The problem is considered to be 
readily solvable with proper effort. 
relatively stable period is shown in Figure 6. 

SUMMARY AND CONCLUSIONS 

The intent was to run the 

Gasification composition data for a 

The production of liquid hydrocarbon fuels from biologically contaminated 
disposable diapers is a technically viable concept.. Favorable synthesis gas 
compositions can be produced. High quality liquid hydrocarbon fuel 
products can be produced from the synthesis gas. Additional research and 
development work is required to establish reliable mass and energy 
balances before scale-up is considered. To accomplish this objective, a 
reliable solids feeder system needs to be designed and tested. 
considered to be a major obstacle. 
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Task 3: % gmale 01 Gar Product a1 "Steady" Slate 
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FIGURE 1 

FIGURE 2 
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FIGURE 4 
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